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DQGH[KDXVWJDVLVPDLQO\FRPSRVHGRI&2VKLIWUHDFWRUDQG&2FDSWXUHXQLWDUHQRWUHTXLUHGLQWKLVV\VWHP7KXVQRVWHDPLV
UHTXLUHGWREOHHGIURPVWHDPF\FOHIRUVKLIWUHDFWRUDQGWKHUPDOHIILFLHQF\LVNHSWKLJKHYHQDIWHUFDSWXULQJ&2:LWKYDULRXV
UHDVRQVZHH[SHFWWKDWWKLVV\VWHPFDQUHDOL]HKLJK
HIILFLHQF\PRUHWKDQ

&RQFHSWRIR[\IXHO,*&&V\VWHP>@
7KHSUHFRPEXVWLRQFDSWXUHV\VWHP)LJLV
DFRQYHQWLRQDO&2FDSWXUHV\VWHPIRU,*&&7KLV
V\VWHPFRQYHUWVV\QJDVWRDPL[WXUHRI&2DQG+
XVLQJ D VKLIW UHDFWRU DQG VHSDUDWHV &2 XVLQJ D
FDSWXUHXQLWWKHQWKHUHPDLQHG+LVXVHGDVDIXHO
IRUWKHJDVWXUELQHSRZHUJHQHUDWLRQV\VWHP$VWKH
VKLIW UHDFWRU UHTXLUHV ODUJH DPRXQW RI VWHDP
WKHUPDOHIILFLHQF\RIWKLVV\VWHPEHFRPHVORZHU
2Q WKH RWKHU KDQG KLJKHIILFLHQF\ R[\IXHO
,*&& V\VWHP )LJ FDQ PDLQWDLQ KLJK
HIILFLHQF\ RI PRUH WKDQ  ++9 HYHQ DIWHU
FDSWXULQJ &2 )LJ WKH WDUJHW LV  7KLV
V\VWHPDSSOLHVWKHFRQFHSWRIR[\IXHOFRPEXVWLRQ
WR ,*&& QDPHO\ JDV WXUELQH H[KDXVW JDV LV
UHFLUFXODWHGWRWKHJDVLILHUDQGJDVWXUELQHZLWKWKH
QHFHVVDU\DPRXQWRIR[\JHQ7KHUHIRUHWKH&2
FRQFHQWUDWLRQLQWKHH[KDXVWJDVEHFRPHVVRKLJK
WKDWWKHVKLIWUHDFWRUDQG&2FDSWXUHXQLWDUHQRW
UHTXLUHG
)LJ  VKRZV D GHWDLOHG VFKHPDWLF RI WKLV
V\VWHP,QWKLVV\VWHPSXOYHUL]HGFRDOLVIHGWRD
JDVLILHU ZLWK UHFLUFXODWHG H[KDXVW JDV PRVWO\
FRPSRVHG RI &2 DQG JDVLILHG ZLWK WKH
QHFHVVDU\DPRXQWRIR[\JHQ7KHJDV WXUELQHRI
WKLV V\VWHP LV D VRFDOOHG VHPLFORVHG F\FOH JDV
WXUELQH LQ ZKLFK UHFLUFXODWHG H[KDXVW JDV LV
VXSSOLHG ZLWK WKH QHFHVVDU\ R[\JHQ DV D
VXEVWLWXWH IRU FRPEXVWLRQ DLU 7KH H[KDXVW JDV
IURPWKHJDVWXUELQHLVIHGWRDUHJHQHUDWLYHKHDW
H[FKDQJHU DQG +56* $W WKH H[LW RI +56*
QHFHVVDU\ DPRXQW RI H[KDXVW JDV LV IHG WR
FRPSUHVVRU DQG UHFLUFXODWHG WR WKH JDV WXUELQH
7KH UHVW RI WKH H[KDXVW JDV LV IHG WR DZHW VFUXEEHU DQG
PLVW VHSDUDWRU 'HKXPLGLILHG H[KDXVW JDV LV FRPSUHVVHG
DQGVHQWWRDVWRUDJHVLWHDQGVRPHRIUHFLUFXODWHGH[KDXVW
JDVLVEOHGIRUWKHJDVLILHUDVDIXHOFDUU\LQJJDV
&RQYHQWLRQDO SUHFRPEXVWLRQ FDSWXUH V\VWHP ORVHV LWV
VWHDP IRU VKLIW UHDFWRU DQG VR RQ VR JURVV HIILFLHQF\ LV
UHGXFHG)LJ2QWKHRWKHUKDQGWKHFKDUDFWHULVWLFRIWKLV
V\VWHP LV LWV KLJK JURVV HIILFLHQF\ 7KHUH DUH VHYHUDO
UHDVRQV IRU LW )LUVW RI DOO LQ WKLV V\VWHP &2
FRQFHQWUDWLRQRIJDVWXUELQHZRUNLQJJDVLVVRKLJKWKDWLWV
PRODUVSHFLILFKHDWLVDOVRKLJK7KHUHIRUHWKHWHPSHUDWXUH
LQFUHDVH EHWZHHQ WKH FRPSUHVVRU LQOHW DQG LWV RXWOHW LV
VPDOO DQG WKH RXWOHW WHPSHUDWXUH RI WKH FRPSUHVVRU LV
UHODWLYHO\ ORZ $OVR DV WKH WHPSHUDWXUH GURS DW WKH JDV
WXUELQH RXWOHW LV VPDOO WKH RXWOHW WHPSHUDWXUH RI WKH JDV
WXUELQH LV KLJK 7KXV WKH DSSOLFDWLRQ RI WKH UHJHQHUDWLYH
KHDWH[FKDQJHUZKLFKWUDQVIHUVWKHKHDWRIWKHJDVWXUELQH
H[KDXVWJDVWRWKHFRPSUHVVRUH[KDXVWJDVLVHIIHFWLYHIRU
3UHFRPEXVWLRQFDSWXUHV\VWHP



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PDLQWDLQLQJ WKHUPDO HIILFLHQF\$QRWKHU UHDVRQ LV DV IROORZV VHPLFORVHG
F\FOHJDVWXUELQHV\VWHPUHTXLUHVVPDOOHUDPRXQWRILQOHWJDVFRPSDULQJWR
RSHQF\FOHJDVWXUELQH)LJVKRZVDUHVXOWRIEDVLFFRQVLGHUDWLRQ:KHQLW
IXHOVVDPHDPRXQWRIV\QJDVWKRSHQF\FOHUHTXLUHVFRPEXVWLRQDLU
DURXQG  WK 2Q WKH RWKHU KDQG VHPLFORVHG F\FOH UHTXLUHV VPDOO
DPRXQW RI R[\JHQ WK EHFDXVH UHFLUFXODWHG H[KDXVW JDV LV XVHG DV
GLOXHQWV IRU JDV WXUELQH DQG QR QHHG WR WDNH DQRWKHU DLU DV GLOXHQWV IURP
RXWVLGH 7KHUHIRUH DPRXQW RI JDV H[KDXVWHG IURP VHPLFORVHG F\FOH LV
VPDOOHU WKDQ WKDW RI RSHQ F\FOH VHPLFORVHGWK RSHQ WK:H
H[HFXWHGVLPSOHFRQVLGHUDWLRQRQ LWVXSSRVLQJH[KDXVWJDV WHPSHUDWXUH LV
WKH VDPH EHWZHHQ FRQYHQWLRQDO ,*&& DQG R[\IXHO ,*&& ZDVWH KHDW
GLVFKDUJHGIURPVHPLFORVHGF\FOHZLWKH[KDXVWJDVLVVPDOOHUWKDQWKDWRI
RSHQF\FOHVHPLFORVHG0-VRSHQ0-V
0RUHRYHUDV&2LVRQHRIWKHJDVLI\LQJDJHQWVWKHLQFUHDVHLQWKH&2
FRQFHQWUDWLRQ LV H[SHFWHG WR HQKDQFH WKH JDVLILFDWLRQ HIILFLHQF\ RI WKH
JDVLILHU FRPSDULQJZLWK R[\JHQEORZQJDVLILFDWLRQ LQ RWKHUZRUGV21
JDVLILFDWLRQDWWKHVDPHR[\JHQFRQFHQWUDWLRQ,QDGGLWLRQWKHDSSOLFDWLRQ
RIDKRWJDVGHVXOIXUL]DWLRQXQLWVLPSOLILHVWKHFOHDQXSV\VWHPDQGUHGXFHV
WKHUHTXLUHGHQHUJ\

(IIHFWRI&2HQULFKPHQWRQJDVLILFDWLRQUHDFWLRQ>@>@
,Q RUGHU WR FODULI\ HIIHFW RI &2 FRQFHQWUDWLRQ RQ FRDO
JDVLILFDWLRQ UHDFWLRQ FRDO JDVLILFDWLRQ H[SHULPHQWV ZHUH
H[HFXWHG XVLQJ SUHVVXUL]HG HQWUDLQHG IORZ FRDO JDVLILHU
ZKRVH IXHO FDSDFLW\ LV 73' )LJ>@ 7KLV HTXLSPHQW LV
SUHVVXUL]HG WZRVWDJH R[\JHQHQULFKHG DLUEORZQ JDVLILHU
RSHUDWHG DW 03D 7KLV JDVLILHU FRQVLVWV RI WZR FKDPEHUV
7KH ORZHUFKDPEHU FRPEXVWRU LV IRU FRPEXVWLRQ FRDO IHG
WR WKH FRPEXVWRU LV EXUQW DQG KRW JDV ULVHV WR WKH XSSHU
FKDPEHUUHGXFWRU&RDOIHGWRWKHUHGXFWRULVJDVLILHGZLWK
WKHKLJKWHPSHUDWXUHJDVIURPWKHFRPEXVWRU7KLVJDVLILHULV
GHVLJQHG WR RSHUDWH DW DLUEORZQ FRQGLWLRQ DQG 2
FRQFHQWUDWLRQ RI JDVLI\LQJ DJHQW FDQ EH HQULFKHG &KDU
SDUWLFOHV XQEXUQW FDUERQ SDUWLFOHV GLVFKDUJHG IURP WKH
JDVLILHUDUHFROOHFWHGE\DF\FORQHVHSDUDWRUDQGUHFLUFXODWHG
WRWKHFRPEXVWRUDVIXHO
,QRUGHUWRHYDOXDWHWKHHIIHFWRI&2JDVHQULFKPHQW&2
JDV ZDV VXSSOLHG IURP FROG HYDSRUDWLRQ XQLW 7KH UHVXOWV RI
H[SHULPHQWV FDUULHG RXW DW WKH VDPH 2 FRQFHQWUDWLRQ RI
JDVLI\LQJDJHQW2 VXJJHVWHGWKDWWKHFKDUSURGXFWUDWH
EHFRPHVORZHUE\&2HQULFKPHQW)LJ>@
7KLV JDVLILHU KDV UHWUDFWDEOH VDPSOLQJ SUREH)LJ WR
FDSWXUH JDV DQG SDUWLFOHV LQVLGH JDVLILHU %\ LQVHUWLQJ WKLV
SUREH LQWR JDVLILHU JDV FRPSRVLWLRQ DQG SDUWLFOH
FKDUDFWHULVWLFV FDQ EH HYDOXDWHG )LJ>@ VKRZV WUDQVLWLRQ RI
&2 FRQFHQWUDWLRQ DORQJ IORZ GLUHFWLRQ :LWKRXW &2
HQULFKPHQW &2 FRQFHQWUDWLRQ DW 1R SRUW DQG WKDW RI 1R
SRUW LV DOPRVW VDPH %XW LQ &2HQULFKHG FDVH &2
FRQFHQWUDWLRQ DW 1R SRUW LV KLJKHU WKDQ WKDW RI 1R SRUW
,QFUHDVH RI &2 FRQFHQWUDWLRQ LV GHULYHG IURP FDUERQ
JDVLILFDWLRQ UHDFWLRQ 7KHUHIRUH WKLV IDFW VKRZV WKDW &2
HQULFKPHQWH[SDQGUHDFWLRQ]RQHRIFRDORUFKDU

&RQYHQWLRQDO,*&&

+LJKHIILFLHQF\R[\IXHO,*&&
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
3UHFLVHFODULILFDWLRQRI2&2JDVLILFDWLRQUHDFWLRQ
3UHVVXUL]HG'URS7XEH)XUQDFH>@>@
1XPHULFDO VLPXODWLRQ LV TXLWH HIIHFWLYH WR HYDOXDWH WKH
SHUIRUPDQFHRI2&2JDVLILHU DV LW LVGLIILFXOW WR UHDOL]H
DFWXDO 2&2 JDVLILFDWLRQ FRQGLWLRQ LQ H[LVWLQJ FRDO
JDVLILHU &5,(3, KDV DOUHDG\ GHYHORSHG QXPHULFDO
VLPXODWLRQFRGHIRUFRPPHUFLDOVFDOHDLUEORZQJDVLILHU ,W
LVVLJQLILFDQWWRFODULI\&2JDVLILFDWLRQEHKDYLRUSUHFLVHO\
DQG FRQVWUXFW UHDFWLRQ PRGHO IRU QXPHULFDO VLPXODWLRQ
VXLWDEOHIRU2&2JDVLILHU
3UHVVXUL]HG GURS WXEH IXUQDFH 3'7) )LJ>@ ZDV
DSSOLHG WR FODULI\ HIIHFW RI &2 SUHFLVHO\ 3'7) FDQ KHDW
IXHO E\ HOHFWULF KHDWHU LQ GHVLUDEOH DWPRVSKHULF JDV
FRPSRVLWLRQUHVLGHQFHWLPHDQGSUHVVXUH
)LQH FDUERQ SDUWLFOHV REWDLQHG E\ 3'7) H[SHULPHQWV
ZHUH DQDO\]HG E\ TXDQWLWDWLYH PHWKRG XVLQJ ODVHU
GLIIUDFWLRQ SDUWLFOH VL]H DQDO\]HU GHYHORSHG E\ &5,(3,
7KLVPHWKRGTXDQWLI\FKDU\LHOGDQGVRRW\LHOG,QJHQHUDO
FKDU \LHOG GHFUHDVH ZLWK LQFUHDVH RI JDVLI\LQJ DJHQW %XW
DQDO\WLFDO UHVXOWV SURYHG WKDW LQ FDVH RI &2 JDVLILFDWLRQ
WKHVRRW\LHOGGLGQRWGHFUHDVH2QWKHRWKHUKDQG LQFDVH
RI2JDVLILFDWLRQWKHVRRW\LHOGGHFUHDVHGZLWKLQFUHDVHRI
2)LJ>@
7KLV IDFW VKRZV WKDW SUHFLVHPRGHO RI&2 JDVLILFDWLRQ
UHDFWLRQLVUHTXLUHGWRHYDOXDWHWKHSHUIRUPDQFHRI2&2
JDVLILHU SUHFLVHO\ 6R WKH H[WHQGHG &3' PRGHO ZDV
GHYHORSHG DQG LWV DSSOLFDELOLW\ WR 3'7) VDPSOHV ZDV
FRQILUPHG)LJ>@
 

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'HYHORSPHQWRIFRXQWHUPHDVXUHVIRUFDUERQGHSRVLWLRQLQKRWJDVFOHDQXSV\VWHP>@
7KH&2 FRQFHQWUDWLRQ LQ WKH V\QJDV RI WKLV V\VWHP LV VR KLJK PRUH WKDQ WKDW ILQH FDUERQSDUWLFOHV DUH VXSSRVHG WR
GHSRVLW RQ VRUEHQW RI KRWJDV FOHDQXS V\VWHP2QFH FDUERQ VWDUWV WR GHSRVLW RQ WKH VRUEHQW WKH SHUIRUPDQFH RI WKH FOHDQXS
V\VWHP LV GHWHULRUDWHG$V KRWJDV FOHDQXS V\VWHP LV D NH\ FRPSRQHQW WR UHDOL]H KLJK HIILFLHQF\ FRXQWHUPHDVXUH IRU FDUERQ
GHSRVLWLRQLVUHTXLUHG7RFODULI\WKHERXQGDU\FRQGLWLRQRIFDUERQGHSRVLWLRQDQGWRGHYHORSLWVFRXQWHUPHDVXUHVIXQGDPHQWDO
H[DPLQDWLRQVZHUHH[HFXWHG
7KH%RXGRXDUGUHDFWLRQDQGWKHZDWHUJDVVKLIWUHDFWLRQDUHFRQVLGHUHGDVPDMRUUHDFWLRQVZKLFKDIIHFWFDUERQGHSRVLWLRQ

&2 ė&2&%RXGRXDUGUHDFWLRQ
&2+2ė&2+ :DWHUJDVVKLIWUHDFWLRQ

-XGJLQJ IURP WKHVH HTXDWLRQV IROORZLQJ  SURFHGXUHV
DUH FRQVLGHUHG DV FRXQWHUPHDVXUH $GGLWLRQ RI &2
SUHYHQWV %RXGRXDUG UHDFWLRQ LWVHOI $V DGGLWLRQ RI VWHDP
SURPRWHVZDWHUJDVVKLIW UHDFWLRQSDUWLDOSUHVVXUHRI&2
ZLOO LQFUHDVH DQG %RXGRXDUG UHDFWLRQ ZLOO EH SUHYHQWHG
$QRWKHUPHWKRGLVWRDGGUHFLUFXODWHGH[KDXVWJDV5(*
EHFDXVH5(*LVPDLQO\FRPSRVHGRI&2DQG+2
7RHYDOXDWHHIIHFWRIHDFKSURFHGXUHIL[HGEHGUHDFWRU
H[SHULPHQWVZHUHH[HFXWHG)LJ>@7KHUHVXOWVVKRZHG
WKDWQHFHVVDU\DPRXQWRIJDVWREHDGGHGLVGLIIHUHQW
%XW WKHUH DUH PDQ\ RWKHU WKLQJV WR EH FRQVLGHUHG LQ
RUGHU WR VHOHFW DSSURSULDWH SURFHGXUH 7KRXJK VWHDP LV
TXLWH HIIHFWLYH IURP WKH YLHZSRLQW RI SUHYHQWLQJ FDUERQ
GHSRVLWLRQ VWHDPKDV D QHJDWLYH HIIHFW RQ VXOIXU UHPRYDO
VRUEHQWDQGVWHDPH[WUDFWLRQUHGXFHVWKHUPDOHIILFLHQF\RI
SRZHUSODQW7KURXJKYDULRXVHYDOXDWLRQV5(*DGGLWLRQLV
H[SHFWHG WR EH WKH EHVW SURFHGXUH ZKRVH HQHUJ\ ORVV LV
VPDOOHVWDPRQJSURFHGXUHV7DEOH>@

)XWXUHZRUNV
7KLVV\VWHPZDVSURSRVHGE\&5,(3,LQDQGWKLVSURMHFWVWDUWHGLQDVMRLQWSURMHFWZLWK.\XVKX8QLYHUVLW\1RZLW
LV WLPH IRU XV WR VXPPDUL]H DFKLHYHPHQWV DQG SURSRVH WKH QH[W VWHSV WRZDUG UHDOL]DWLRQ RI WKLV V\VWHP:H DUH FRQVLGHULQJ
HIIHFWLYHSURFHGXUHWRUHDOL]HWKLVV\VWHPDVVRRQDVSRVVLEOH
$FNQRZOHGJHPHQWV
0RVW RI SUHVHQWHG ZRUNV ZHUH VXSSRUWHG E\ 1('2 1HZ (QHUJ\ DQG LQGXVWULDO WHFKQRORJ\ 'HYHORSPHQW 2UJDQL]DWLRQ
SURJUDP´,QQRYDWLYH]HURHPLVVLRQFRDOJDVLILFDWLRQSRZHUJHQHUDWLRQSURMHFW´3
5HIHUHQFHV
>@6KLUDL+ HW DO&RQFHSWXDO6WXG\RI+LJKO\(IILFLHQW&RDO*DVLILFDWLRQ&RPELQHG&\FOH3RZHU*HQHUDWLRQ6\VWHPZLWK&2&DSWXUH&RPELQHGZLWK
2[\JHQ&2%ORZQ&RDO*DVLILHU3URFHHGLQJVRIUG,QWHUQDWLRQDO7HFKQLFDO&RQIHUHQFHRQ&RDO8WLOL]DWLRQDQG)XHO6\VWHPV&OHDUZDWHU
>@³&RVWDQG3HUIRUPDQFH%DVHOLQHIRU)RVVLO(QHUJ\3ODQWV9ROXPH5HYLVLRQD´'2(1(7/
>@.LGRJXFKL.HWDO(YDOXDWLRQRI&2(QULFKHG*DVLILFDWLRQ&KDUDFWHULVWLFV8VLQJ7'%HQFK6FDOH&RDO*DVLILHU±,QIOXHQFHRI&2&RQFHQWUDWLRQLQ
*DVLI\LQJ$JHQW3URFHHGLQJVRIWK,QWHUQDWLRQDO7HFKQLFDO&RQIHUHQFHRQ&OHDQ&RDO	)XHO6\VWHPV&OHDUZDWHU
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
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
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